Spiranthes cernua is a terrestrial orchid that grows in moist areas in the southeastern US. Cultivated varieties are now also being used as flowering perennials. We have previously reported Dasheen mosaic virus (DsMV-Sc) infection in commercially-grown plants exhibiting chlorotic blotching and/or mosaic symptoms. Other similarly symptomatic plants were, however, ELISA negative using DsMV polyclonal antisera, yet gave a positive reaction with the broadspectrum potyvirus monoclonal antibody PTY 1, an antibody specific for a highly conserved site in the potyviral coat protein. Total RNA extracts from infected leaves were used in RT-PCR assays with generic potyvirus-specific primers which amplify various highly conserved 335, c.700, or c.1600bp fragments from the 3' terminus of most potyviruses which includes the 3' non-coding region (3'NCR) and the potyviral coat protein (CP). The PCR amplified fragments were subsequently cloned and sequenced and compared to the corresponding regions of other potyviruses. This analysis revealed the presence of two unique sets of potyviral sequences, neither of which had any significant identity with each other (56% CP identity and 39% 3'NCR identity), nor with DsMV (49-530/0 CP, 33-430/0 3'NCR), nor with any other potyvirus sequence «64% CP identity and <57% 3'NCR identity) currently in the GenBank database, including other orchid-infecting potyviruses. Pairwise, alignments and Clustal W analysis of the coat protein amino acid sequences and 3' NCR regions confirm the classification of these two viruses as new potyvirus members. We have tentatively named these two new potyviruses Spiranthes mosaic virus (SpiMV) 2 and SpiMV 3. This is only the second report of any virus infection in the genus Spiranthes and the first report of two new potyviruses infecting a member of the Orchidaceae.
INTRODUCTION
Orchids form a large part of the floral trade in ornamental plants and cut flowers and are the largest family of flowering plants with more than 35,000 species (Lawson and Hsu, 1995) . Orchids grow naturally in a wide range of habitats in many parts of the world. Grown commercially in many countries, orchids have perhaps the highest unit value of any commercial pot plant (USDA, ERS, 2004) . The most common cultivated orchids (potted and cut flower) include: Calanthe, Cattleya, Cymbidium, Dendrobium, Epidendrum, Masdevallia, Oncidium, Paphiopedilum, Phalaenopsis, Vanda, and intergeneric Odontoglossum hybrids. Spiranthes cernua is a terrestrial orchid that grows in moist areas of the southeastern U. S. Spiranthes cernua fm. odorata, a fragrant form of the species commonly known as nodding ladies tresses, is found as a native plant in coastal regions from Virginia to Florida and west to Texas, where it flowers from fall through winter. Cultivated varieties are now also being used as flowering perennials.
Viruses infecting orchids are a serious threat to the industry as they reduce vigor of infected plants and decrease foliage and flower quality. Odontoglossum ringspot tobamovirus and cymbidium mosaic potexvirus are the most frequently reported viruses in cultivated orchids; however over a dozen viruses, mostly potyviruses, have been recorded in orchid, including vanilla (Brunt et aI., 1996; Lawson and Hsu, 1995) . The potyviruses previously isolated from orchids include: Bean yellow mosaic virus (BYMV) , Ceratobium mosaic virus (Mackenzie et aI., 1998) , Dendrobium mosaic virus (DeMV) (Hu et aI., 1995) , Diurus virus Y (GenBank accession #AF203527), Sarcochilus virus Y (GenBank #AF 185957) , and Habenaria mosaic, Pecteilis mosaic, turnip mosaic, vanilla mosaic (= Dasheen mosaic virus) and vanilla necrosis (= Watermelon mosaic virus II) potyviruses (Brunt et aI., 1996; Lawson and Hsu, 1995) . We recently presented evidence for the first report of Dasheen mosaic virus (DsMV) , and possibly a second potyvirus, in Spiranthes cernua fm. odorata 'Chadds Ford' exhibiting virus-like chlorotic blotching and/or mosaic symptoms (Jordan et aI., 2002) .
Here we report the results of our investigations to determine the identity of the other non-DsMV potyviruses detected by our potyviral broad-spectrum monoclonal antibody in various plants of this orchid cultivar. We have used electron microscopy, serology and reverse transcription polymerase chain reaction (RT-PCR) methods, and cloning and sequence analysis, to identify two new potyvirus members infecting Spiranthes cernua. 
MATERIALS AND METHODS

Sample Preparation and RT-PCR
One hundred mg of fresh leaf tissue was ground in liquid nitrogen to a fine powder and extracted by one of three methods. Total RNAs were isolated using 'Method 4' for grapevine tissue as described by Rowhani et ai. (1993) or by using the RNeasy Plant Mini Kit (Qiagen, Inc., Valencia, CA) following the Illanufacturer's recommendations with minor modifications. The reverse transcription (RT) synthesis and PCR reactions were done with the using RETROscript(R) First Strand Synthesis Kit for RT-PCR (Ambion, Inc., Austin, TX) according to manufacturer's instructions. cDNA was synthesized (42°f or 1 hr) from ca. 1 ug total RNA using random hexamers or an oligo(dT)I7(A/C/G)-3' primer (PV1) (Pappu et aI., 1993) .
For amplification of a 335 bp fragment representing a 3' potyvirus conserved central core (ca. one-fourth) of the coat protein (CP) gene, 5 ul RT mix was added to 45 ul ofa PCR mix [final = IX PCR Buffer (Ambion), 125 f.lM each dNTP, 2.5 f.lM forward primer, 2.5 f.lM reverse primer, and 2.5 U of SuperTaqTM Plus (Ambion)] containing the primers U335 and D335 (Langeveld et aI., 1991) . The following PCR amplification regime was used: 94°C for 1 min; followed by 35 cycles of 94°c for 1 min, 60°C for 2 min, 72°C for 1 min; and finally 72°c for 10 min and overnight at 4°C. For amplification of a ca. 700 bp fragment representing the 3' half of the potyviral CP gene and the 3' noncoding region (3' NCR), a PCR mix using a PVl-primed RT reaction contained the PVl and U335 primers and was amplified following the regime above, but with an annealing temperature of 50°C for 3 min. For amplification of a ca. 1600 bp fragment representing the 3' terminal portion ofpotyviral NIb gene, all of the CP gene and 3' NCR, the PVlprimed RT reaction PCR mix contained the PVl primer and a conserved Potyviridae NIb sequence primer, Poty-S-For (Chen et aI., 2001; Gibbs et aI., 2003) and followed the amplification regime above, but with an annealing temperature of 50°C for 5 min. DNA amplification products were fractionated by agarose gel electrophoresis, stained in ethidium bromide, and photographed in UV-light.
Cloning of PCR Fragments, Gene Sequencing and Computer Analyses
Specific-sized amplification fragments were extracted from agarose gel slices using GenElute Agarose Spin Columns (Supelco, Bellefonte, PA), ligated into a pCR2.1 cloning vector, and transformed into INV F' competent cells using the Invitrogen TA Cloning Kit (Carlsbad, CA) per manufacturer's instructions. Recombinant plasmids purified from transformants were sequenced using the ABI Dye Terminator Cycle Sequencing Ready Reaction Kit on an ABI Model 310 Sequencer. Assembled sequences were compared with databases using the BLAST server (http://www.ncbi.nlm.nih.gov/BLAST/) (Altschul et aI., 1997). Sequence data was compiled and analyzed using programs at the Biology Workbench 3.2 web site (http://seqtooI.sdsc.edu/CGI/BW.cgi) (San Diego Supercomputer Center, UCSD, San Diego, CA). Pairwise comparisons were done using ALIGN (Pearson, 1990) and CLUSTAL W (Thompson et aI., 1994) . Phylogenetic analyses were done using PHYLIP version 3.5c (Felsenstein, 1993) , the phylogenetic trees were constructed by CLUSTALTREE and the resulting trees were displayed using Treeview (Page, 1996) .
RESULTS AND DISCUSSION
Visual Symptoms, dsRNA Analysis and Electron Microscopy After six years growth at our facilities, all six of the original plants sent by a commercial grower still show symptoms. Leaves of symptomatic plants are distorted, slightly cupped and showed a mild to severe mosaic and occasional mild chlorotic blotching (see Figure 1 in Jordan et aI., 2002). Plant #7 from Tennessee exhibited more pronounced mosaic symptoms.
No dsRNA was detected in any of the Spiranthes plants using standard procedures. Furthermore, none of the virus indicator hosts inoculated with sap extracts from symptomatic Spiranthes plants showed symptoms and all were negative in ACP-ELISA using the potyvirus broad-spectrum monoclonal antibody PTY 1 (data not shown).
Electron microscopy of negatively stained sap preparations contained small numbers of flexuous rod-shaped potyvirus-like particles measuring 700-750 nm in length (data not shown). No other virus-like particles were observed. Thin sections of leaves contained pinwheel inclusions typical of potyvirus infections with potyvirus particles in the cytoplasm (data not shown). No laminated aggregates were found in infected cells.
Serology
As previously described (Jordan et aI., 2002) , symptomatic Spiranthes plants #1-#6 reacted only with PTY 1, an antibody specific for a highly conserved epitope in the potyviral coat protein when analyzed by ELISA using our panel of potyvirus-specific and broad-spectrum reacting monoclonal antibodies. In subsequent tests, Spiranthes plant #7 reacted to PTY I and PTY 3. After the identification of DsMV in Spiranthes plant #2, all of the plants and plant #7 were tested by ACP-ELISA using DsMV polyclonal antisera and PTY 1. These serological tests indicate that at least one of the potyviruses detected in Spiranthes plants # 1, #2 and #4 was DsMV and that the other plants have at least one other potyvirus ( 
RT-PCR, Cloning and Sequence Analysis
To further determine the identity of the other Spiranthes potyvirus(es), total nucleic acid extracts from Spiranthes plants #3 and #7 were used as a templates for reverse transcriptase polymerase chain reaction (RT-PCR) with the various potyvirus specific primers described above. The resultant 335, 700 and 1600 bp PCR amplicons were subsequently cloned and sequenced. Two unique sets of potyviral sequences were found; one set was determined from amplicons from plant #3 and both sets were found in amplicons from plant #7. In all cases the 335 bp segments were 5'-coterminal with and included in the first 335 bp of the sequenced corresponding products from the expected '"'-J 700 bp PCR fragments and had 1000/0 identity; in addition, these sequences had 1000/0 identity within the corresponding 1600 bp amplicons.
Diversity of the CP sequences of potyviruses occurs predominately at the Nterminal regions while the C-terminal half is more highly conserved (Shukla et aI., 1994) . All of the molecular data compiled to date has shown that the sequences of the capsid protein and 3' NCR are the most useful regions of the potyviral genome for taxonomic analysis and that the 3'-terminal region may be used as a reliable criterion in distinguishing the strains of a virus from distinct potyviruses (Pappu et aI., 1993; Shukla et aI., 1994) .
The cloned nucleotide and putative coat protein amino acid sequences from the infected Spiranthes plants were compared to the corresponding regions of other potyviruses. This analysis confirmed the presence of two unique sets of potyviral sequences, neither of which had any significant identity with each other (560/0 coat protein identity and 39% 3'NCR identity), nor with DsMV (49-530/0 CP, 33-43% 3'NCR), nor with any other potyvirus sequence (47-64% CP identity and 21-57% 3'NCR identity) currently in the GenBank database (Table 2) Table 2 ). Pairwise alignments and Clustal W analysis (Fig. 1) of the coat protein amino acid sequences and 3' NCR regions confirm the classification of these two viruses as new potyvirus members. We have tentatively named these two new potyviruses Spiranthes mosaic virus (SpiMV) 2 and SpiMV 3. The RT-PCR data above indicates that plant #3 is infected with SpiMV 2, that plant #7 is a mixed infection of both SpiMV 2 and 3. The serological data above suggests that PTY 1 detects both viruses and that PTY 3 also detects SpiMV 3. This is only the second report of any virus infection in the genus Spiranthes and the first report of these two new potyviruses infecting a member of the Orchidaceae. 
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